found that the goodness of a view is determined by the objective amount of visual information available in the view (i.e., the amount and visibility of different surfaces of the object) and by the subjective salience of this information to the viewer.
Recently, Verfaillie and Boutsen (1995) constructed a new corpus of images of 70 nameable depth-rotated objects, each depicted in up to 11 perspective views. In a paired-comparison experiment, subjects judged which view in a pair of views was more easy to identify. The name of the object was presented before each pair, and the subjects could study the images as long as they wanted. For each object, a scale of the goodness of the views was derived by Thurstonian scaling of the subjects' preferences. An exploratory cluster analysis was performed on the scaling solutions of the 57 objects depicted in 11 views. (The remaining 13 objects were depicted in fewer than 11 different views; because these objects contain several planes of symmetry, they projected to the same image when seen from different vantage points.) The 57 objects were grouped into eight clusters. Cluster membership was characterized by the coarse physical structure of the member objects. The orientation of this structure in a viewing sphere (Figure 1 ) determined the goodness of the views.
Whereas Verfaillie and Boutsen (1995) examined the judged typicality of views, we used a subset of the corpus in order to study the effect of the vantage point from which an object is viewed on the recognition exposure timethat is, the minimal presentation time required for recognition of the object. The recognition exposure time of an object in a given view was determined by increasing the exposure time of the image across repeated presentations until the object is recognized.
We also examined whether goodness of view was consistent across tasks. In this case, recognition exposure times for views that were rated as good views in Verfaillie and Boutsen's (1995) study should be shorter than those for views that were rated as bad.
METHOD Subjects
Twenty-five graduate students (14 men and 11 women) from the University of Birmingham participated in the experiment. All subjects had normal or corrected-to-normal vision. They were paid £4.
Stimuli and Apparatus
Images of 56 real-world, mainly man-made objects, each depicted in five perspective views, were used in the experiment. The 280 images formed a subset of the corpus of images developed by Verfaillie and Boutsen (1995) . This subset contained all of the objects that were included in the cluster analysis by Verfaillie and Boutsen, except for one, a Belgian call box, which was excluded from presentation because the British subjects were not familiar with its design. All objects were presented in gray level colors on a uniformly white background without texture, which, therefore, contained no depth cues. Also, there were no cast shadows in the images.
For the construction of the views, each object was placed in an imaginary viewing sphere in such a way that its main plane of symmetry coincided with the midsagittal plane in the viewing spherethat is, the plane containing the z-axis, or the horizontal axis through the sphere's center in Figure 1 , and the y-axis (the vertical axis through the sphere's center). Moreover, for mono-oriented objects (which normally appear in an upright orientation in an environmentcentered reference frame), their top-bottom axis, front-back axis, and left-right axis corresponded with the sphere's y-axis, z-axis, and x-axis, respectively. For poly-oriented objects (which lack a prototypical upright orientation), their axis of elongation was aligned with the sphere's z-axis. (For details about the construction of the images, see Verfaillie and Boutsen, 1995.) The objects had exactly the same projected size along their longest axis. To their largest horizontal extent, the objects occupied almost half of the screen width (49%). In the present experiment, all objects fell within an area of approximately 5.3º ϫ 5.5º, centered on the screen.
The five orientations were all ground level (G) views-that is, views taken from the equator of the right side of the viewing sphere (Figure 1 ). The angular difference between the views was 45º. In the Front-G and Back-G views, the observer's line of sight coincided with the two ends of the z-axis. In the 3 ⁄4 Front-G and 3 ⁄4 Back-G views, the object was in an orientation between the Front-G and Side-G views and between the Back-G and Side-G views, respectively.
A pattern mask was prepared by combining parts of three images from the set. The mask covered the whole screen.
The experiment was controlled by a Pentium computer. The images were presented on a 15-in. Super VGA color monitor with a vertical refresh rate of 60 Hz. The images, including the mask, were displayed with a resolution of 640 ϫ 480 pixels. 
Design
The 280 images were arranged into five sets of 56 images each, in which all objects were present in one of five orientations. Each subject viewed one set of images and thus was presented with each object in only one view. Each set was administered to 5 subjects.
Procedure
One session consisted of several runs through one set of 56 images. At each next run, the exposure time was increased, and those images that were not recognized in the previous run were presented again. The minimal exposure time, being one frame or vertical refresh, was 16.6 msec. Between consecutive runs, the exposure time was increased exponentially, as is indicated in Figure 2 . The experiment was terminated when a subject failed to identify any of the remaining images in two consecutive runs. The presentation order of the images was randomized before each run.
During each trial, the following sequence was presented. First, a white screen with a black fixation cross at the center appeared for 500 msec. This was followed by the image. After the image, the mask appeared for 250 msec, followed by a uniformly white screen. This screen disappeared after the subject named the object. The experimenter then verified the subject's answer, and, to increase motivation, feedback was provided by means of a high-pitched tone for a correct answer and a low-pitched tone for an incorrect answer. The subjects were not allowed to give more than one answer at each trial. When an image was identified, it was never presented again to the subject in the next runs.
Each subject was tested individually. The subjects sat approximately 150 cm from the screen in a dark room. Detailed written instructions encouraged the subjects to give the name of a single item, not a description, when naming the objects. The subjects were not told the names of the objects in advance. No emphasis was laid on the fact that the objects were presented in different depth orientations. One session took about 75 min.
RESULTS AND DISCUSSION
During each session, the subjects identified, on average, 36.3 of the 56 objects (SD = 2.58). Most of the identified objects were recognized at exposure times of between 16.6 and 68 msec (86.9%)-that is, after four presentations-and especially at 33 or 50 msec (69.3%)-that is, after two or three presentations, respectively ( Figure 3 ). The mean exposure time at which objects were recognized was 51 msec (SD = 39 msec). Three objects (the scissors, racket, and spanner) were never recognized in any view. Incorrect responses were don't know responses or names of objects that were not included in the set.
The experiment was terminated when a subject failed to identify any of the objects in two consecutive runs. On average, this occurred after 10 or 11 presentations-that is, at a mean exposure time of 220 msec (SD = 111.3 msec). Only one subject viewed the images until the maximum presentation time of 536 msec (15 runs).
Note that the large discrepancy between the mean exposure time at which objects were recognized (51 msec) and the exposure time at which the experiment was terminated (220 msec) and the fact that very few objects were recognized at the longer exposure times (Figure 3 ) suggest that the unrecognized views probably still would not be identified when presented at longer exposure times.
In Appendix A, the mean recognition exposure times of each object in each view are presented. The mean recognition exposure time is based on a minimum of one and a maximum of five observations, as each image was pre- 
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sented to 5 subjects. One fifth of the images (58/280) were never recognized, and more than half of the images (144/ 280) were recognized by all 5 subjects. Moreover, 17 objects were identified in all views by nearly all (24 or 25) subjects (Appendix B).
Correlation analyses were performed in order to compare, for a number of objects, the recognition exposure times with the corresponding scale values obtained in the rating study by Verfaillie and Boutsen (1995) . Pearson's product-moment correlations (r) were computed between the logarithmically transformed recognition exposure times of the views and their corresponding scale values. Twelve of the 56 objects that were recognized by 10 or fewer subjects were not included in the correlation analyses. A two-tailed t test was performed for each correlation.
In the first correlation analysis, only the trials in which the view was recognized were included in the computation of the correlations. All correlations in this analysis are based on a minimum of 11 and a maximum of 25 observations. The results are presented in the third and fourth columns of the table in Appendix B. The objects are ordered according to their degree of cluster membership, as determined by Verfaillie and Boutsen (1995) . Because the better views have smaller scale values, positive correlations indicate that those objects in views that were evaluated as being better required a smaller exposure time to be recognized. Only for 18 of the 44 objects were the positive correlations statistically significant at least at the 5% level.
However, this analysis only included the recognition exposure times of the views that were actually recognized; the fact that some views were recognized more frequently than other views was ignored. Therefore, the second analysis took into account accuracy of identification. The trials in which the view was not recognized were included in the correlation by setting an arbitrary, high recognition exposure time-namely, the first multiple of 30 msec above the highest individual recognition exposure time for that object. Thus, all correlations in this analysis are based on 25 observations (i.e., real and arbitrary recognition exposure times of 5 subjects observing five views). The results are presented in the fifth and sixth columns of the table in Appendix B. For all the objects but 2 (the tricycle and the perforator), which were recognized by fewer than 25 subjects, the correlations increased when the views that were not recognized were included in the analysis. For 30 of the 44 objects, the positive correlations were now statistically significant at least at the 5% level.
There seems to be a relationship between the number of significant correlations and cluster membership, especially in the second analysis. Most objects in the first, third, fifth, and eighth clusters had significant correlations, whereas few or none had significant correlations in the second and sixth clusters. Most objects in the fourth and seventh clusters were not recognized at all.
Results per cluster. For 8 of the 10 objects in the first cluster, the analysis that included the views that were not recognized yielded a significant positive correlation. The main reason is the fact that the objects in this cluster are elongated along their front-back axis, so that the Front-G and Back-G views reveal the smallest surfaces. Therefore, these views were rated as the worst views in the rating study and were recognized by fewer subjects and/or at higher exposure times in the present study. 
Number of objects recognized
The objects in the second cluster also have an evident top-bottom and front-back axis. However, in contrast to the first cluster, most objects are more extended in the direction of the top-bottom axis than in the direction of the front-back axis. Therefore, none of the G views are foreshortened. These views were generally rated as being better than those in the first cluster, and, for some objects, the recognition exposure times of most views did not differ markedly. This explains why the correlation between ratings and exposure times was significant for only one of the nine objects.
The third cluster contains the largest proportion of objects that were recognized in all views by all the subjects (7/11). For 7 of the 11 objects, the correlation between ratings and recognition exposure times was significant, essentially for the same reason as in the first cluster. Because the objects are more or less elongated along their frontback axis, the views revealing the side of the objects are most diagnostic: The 3 ⁄4 Front-G, 3 ⁄4 Back-G, and Side-G views were all rated as better views and recognized more rapidly than were the Front-G and Back-G views.
The six most prototypical members of the fourth cluster were recognized by fewer than 8 subjects. Moreover, this cluster contains the only three objects (the scissors, spanner, and racket) that were never recognized in any view. The basis for this finding is that the objects are more or less flat in the midtransverse plane, which makes the top plane critical for identification. Viewed from a nonelevated angle, however, the top plane is not visible. It is not surprising, then, that, in the present study, in which observers only viewed G views, most views could not be identified. Note that, in the rating study, all G views were rated as the worst views, which converges with the present findings.
The objects in the fifth cluster are also flat, but, in contrast to the previous cluster, they are flat in the midsagittal plane rather than in the midtransverse plane. This makes their side critical for identification. In the rating study, the foreshortened Front-G and Back-G views were, indeed, rated as the worst views. These views were also recognized less frequently and more slowly, which explains why the correlations (including the unrecognized views) were significant for all the objects.
Three of the five objects in the sixth cluster were not recognized by more than 10 subjects, either because the instances of the objects were probably unfamiliar to British subjects (as, e.g., in the case of the telephone) or because the G views led to accidents of viewpoint, in which regular 2-D shapes emerged that were undiagnostic of the 3-D object (as, e.g., in the case of the book).
Because of foreshortening (the foreshortened views were also rated as the worst views), the two objects in the seventh cluster were not recognized by more than 10 subjects.
Finally, for the two objects in the eighth cluster, significant correlations were obtained. This has to do with the fact that the objects' fronts are more diagnostic than their backs, so that the Front-G and 3 ⁄4 Front-G views were both rated as the best views and recognized most easily.
GENERAL DISCUSSION
The primary goal of this study was to examine the speed of recognition for five views of 56 depth-rotated objects and, hence, to provide additional information about the stimulus set described by Verfaillie and Boutsen (1995) . We hope that the present data about this subset of the corpus of images, in combination with those from the rating study, may be useful in constructing stimulus sets for use in research about the recognition of depth-rotated objects.
The present study suggests that the amount of visual information present in a view (Palmer et al., 1981; Verfaillie & Boutsen, 1995) was a major determinant of the recognition time of the view. Views that revealed the smallest amount of the surfaces of objects were identified at higher exposure times (the Front-G and the Back-G views, for most objects in the present set), were recognized by fewer subjects, or were not identified at all. For more than half of the objects, the 3 ⁄4 Front-G and 3 ⁄4 Back-G views, which simultaneously revealed aspects of the objects' fronts, backs, and sides, were most easy to identify.
Second, a number of objects in this set (most objects of the fourth, sixth, and seventh clusters) were difficult to recognize in all views. This probably was due to the sample of viewpoints used in the present study. All the objects were viewed from a nonelevated angle that led to foreshortening of flat and/or elongated objects.
Third, for two-thirds of the objects, there was a relation between the goodness-of-view ratings and the minimal exposure times needed for recognition. The views that were rated as better views were also recognized more frequently and more rapidly. Moreover, for the objects that were almost never recognized in the present study (especially in the fourth cluster), the five selected views were also rated as the worst views in Verfaillie and Boutsen (1995) .
We are aware of the fact that the notion of objective amount of information available in the image (as opposed to more subjective factors, such as familiarity) is vague, even when framed as the number of surfaces available. We are presently exploring the possibility of quantifying the information objectively present in a given view (see, e.g., Freeman, 1994 Freeman, , 1996 Weinshall, Werman, & Tishby, 1996) , in order to relate judged goodness and recognition times to objective image properties (the work of Cutzu & Edelman, 1994, shows that this does not necessarily preclude the potential of accounting for subject-specific, idiosyncratic factors), but this is beyond the scope of the present note.
APPENDIX A The Number of Subjects Who Recognized the Objects, the Mean Recognition Exposure Times (ET, in Milliseconds) of Each View, and the Number of Subjects Who Recognized Each View per Object (n)
Front Cluster 1  roller skate  13  67  1  96  4  92  2  84  4  184  2  piano  25  47  5  30  5  33  5  30  5  47  5  stapler  14  -0  36  5  44  5  34  4  -0  skateboard  15  -0  67  5  34  5  67  5  -0  tricycle  23  40  5  38  4  33  4  51  5  42  5  razor blade  2  -0  -0  50  1  217  1  -0  fighter jet  25  47  5  34  5  33  5  33  5  78  5  shoe  24  60  5  30  5  27  5  27  5  88  4  pitchfork  14  -0  50  5  240  3  60  5  302  1  pan  16  -0  50  5  50  5  44  5  84  1  Cluster 2  ventilator  25  34  5  43  5  40  5  34  5  54  5  extinguisher  21  67  4  60  5  67  2  40  5  50  5  globe  24  37  5  33  5  27  5  30  5  42  4  concrete mixer  16  89  3  60  5  67  1  50  3  59  4  desk lamp  24  41  5  37  5  34  5  30  5  88  4  perforator  13  67  4  63  4  59  2  -0  61  3  watch  18  37  5  40  5  -0  50  3  40  5  oil lamp  25  64  5  50  5  50  5  47  5  57  5  Cluster 3  cow  25  40  5  34  5  27  5  34  5  37  5  helicopter  25  53  5  34  5  34  5  30  5  90  5  car  25  33  5  27  5  33  5  27  5  41  5  truck  25  67  5  37  5  37  5  37  5  54  5  train  25  60  5  40  5  40  5  37  5  74  5  roller  13  42  2  76  4  151  1  74  5  218  1  chicken  25  44  5  34  5  30  5  30  5  47  5  duck  21  64  5  34  5  34  5  37  5  84  1  teapot  19  95  3  34  5  30  5  33  5  117  1  fork-lift truck  18  72  3  39  3  60  5  77  5  76  2  bench  25  37  5  41  5  90  5  40  5  40  5 
